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 β-Sheet proteins with nearly identical structures have
different folding intermediates. Dalessio PM and Ropson
IJ (2000). Biochemistry 39, 860–871.
The folding mechanisms of two proteins in the family of
intracellular lipid-binding proteins, were examined. The
structures of these all-β-proteins are very similar. Despite this
structural similarity, the sequences have diverged. Stopped-
flow kinetic studies showed that both the folding and
unfolding of these proteins were not monophasic, suggesting
that either multiple paths or intermediate states were present
during these processes. ILBP had an intermediate state with
molten-globule-like spectral properties, whereas IFABP had an
intermediate state with little if any secondary structure during
folding and unfolding. Double-jump experiments showed that
these intermediates appear to be on the folding path for each
protein. The folding mechanisms of these proteins were
markedly different, suggesting that the different sequences of
these two proteins dictate different paths through the folding
landscape to the same final structure.
8 February 2000, Biochemistry
 Contribution of surface salt bridges to protein stability.
Strop P and Mayo SL (2000). Biochemistry 39,1251–1255.
The role of surface salt bridges in protein stabilization has
been a source of controversy. The authors present the NMR
structure of a hyperthermophilic rubredoxin variant (PFRD-
XC4) and the thermodynamic analysis of two surface salt
bridges by double-mutant cycles. This analysis shows that the
surface sidechain to sidechain salt bridge between Lys6 and
Glu49 does not stabilize PFRD-XC4. The mainchain to
sidechain salt bridge between the N terminus and Glu14 was,
however, found to stabilize PFRD-XC4 by 1.5 kcal mol–1. The
entropic cost of making a surface salt bridge involving the
backbone of the protein is reduced, as the backbone has
already been immobilized upon protein folding.
15 February 2000, Biochemistry
 Effects of mutations on the thermodynamics of a
protein folding reaction: implications for the mechanism
of formation of the intermediate and transition state.
Mark Lorch, Jody M Mason, Richard B Sessions and
Anthony R Clarke (2000). Biochemistry 39, 3480–3485.
The authors measured changes in heat capacity, entropy, and
enthalpy for each step in the folding reaction of CD2.d1 and
evaluated the effects of core mutations on these properties. All
wild-type and mutant forms fold through a rapidly formed
intermediate state that precedes the rate-limiting transition
state. Mutations have a pronounced effect on the enthalpy of
both the intermediate and folded states, but in all cases a
compensatory change in entropy results in a small net free-
energy change. Although the enthalpy change in the folded
state can be attributed to a loss of van der Waals interactions, it
has already been shown that changes in the stability of the
intermediate are dominated by changes in secondary structure
propensity. It follows that the thermodynamic basis of
propensity is enthalpic in origin. The effects of mutations on
the enthalpy and entropy of the transition state are smaller
than on the ground states. This relative insensitivity to
mutation is discussed in the light of theories concerning the
nature of the rate-limiting barrier in folding reactions.
28 March 2000, Biochemistry
 On the role of the carboxyl-terminal helix of RXR in the
interactions of the receptor with ligand. Anuradha S
Budhu and Noa Noy (2000). Biochemistry 39, 4090–4095.
The retinoid X receptor (RXR), a ligand-inducible
transcription factor that is activated by 9-cis-retinoic acid, is a
member of the superfamily of nuclear hormone receptors. The
ligand-induced transcriptional activity of nuclear receptors is
coordinated by their C-terminal region termed the ligand-
binding domain. Structural analyses of several nuclear
receptors showed that the most dramatic ligand-induced
conformational change in these proteins involves a positional
shift in the receptors’ C-terminal helix, termed helix 12.
Consequently, in the liganded state, helix 12 is folded over the
entrance to the ligand-binding pocket where it serves as a lid,
and it has been proposed that this region functions to stabilize
ligand binding by at least some nuclear receptors. To examine
the possible role of helix 12 in contributing to the association
of RXR with its ligand, the equilibrium and kinetic parameters
of the interactions of 9-cis-retinoic acid with RXR and with a
deletion mutant lacking helix 12 were measured. Deletion of
the region did not significantly alter the ligand-binding affinity
of RXR at equilibrium. However, both the rate of dissociation
and the rate of association of the RXR–9-cis-retinoic acid
complex were significantly slower in the absence of helix 12.
Taken together, these observations suggest that helix 12 of
RXR facilitates both the entry and the exit of the ligand from
the binding pocket without affecting the equilibrium ligand-
binding affinity. The results thus point at a previously
unsuspected function for this region.
11 April 2000, Biochemistry
 Structural basis of presequence recognition by the
mitochondrial protein import receptor Tom20. Abe Y,
Shodai T, MutoT, Mihara K, Torii H, Nishikawa S, Endo T,
Kohda D (2000). Cell 100, 551–560.
Most mitochondrial proteins are synthesized in the cytosol as
precursor proteins with a cleavable N-terminal presequence and
are imported into mitochondria. The authors report the NMR
structure of a general import receptor, rat Tom20, in a complex
with a presequence peptide derived from rat aldehyde
dehydrogenase. The cytosolic domain of Tom20 forms an all α-
helical structure with a groove to accommodate the presequence
peptide. The bound presequence forms an amphiphilic helical
structure with hydrophobic leucines aligned on one side to
interact with a hydrophobic patch in the Tom20 groove.
Although the positive charges of the presequence are essential
for import ability, presequence binding to Tom20 is mediated
mainly by hydrophobic rather than ionic interactions.
3 March 2000, Cell
 The 1.7 Å crystal structure of human cell cycle
checkpoint kinase Chk1: implications for Chk1
regulation. Chen P, Luo C, Deng Y, Ryan K, Register J,
Margosiak S, Tempczyk-Russell A, Nguyen B, Myers P,
Lundgren K and Kan C-C, O’Connor PM (2000). 
Cell 100, 681–692.
The checkpoint kinase Chk1 is an important mediator of cell
cycle arrest following DNA damage. The 1.7 Å resolution
crystal structures of the human Chk1 kinase domain and its
binary complex with an ATP analog have revealed an identical
open kinase conformation. The secondary structure and
sidechain interactions stabilize the activation loop of Chk1 and
enable kinase activity without phosphorylation of the catalytic
domain. Molecular modeling of the interaction of a Cdc25C
peptide with Chk1 has uncovered several conserved residues
that are important for substrate selectivity.
17 March 2000, Cell
 Structural basis of collagen recognition by integrin
α2β1. Jonas Emsley, C Graham Knight, Richard W
Farndale, Michael J Barnes and Robert C Liddington
(2000). Cell 101, 47–56.
The authors have determined the crystal structure of a complex
between the I domain of integrin α2β1 and a triple helical
collagen peptide containing a critical GFOGER motif. Three
loops on the upper surface of the I domain that coordinate a
metal ion also engage the collagen, with a collagen glutamate
completing the coordination sphere of the metal. Comparison
with the unliganded I domain reveals a change in metal
coordination linked to a reorganization of the upper surface that
together create a complementary surface for binding collagen.
Conformational changes propagate from the upper surface to
the opposite pole of the domain, suggesting both a basis for
affinity regulation and a pathway for signal transduction.
31 March 2000, Cell
 Crystal structure of the DNA polymerase processivity
factor of T4 bacteriophage. Ismail Moarefi, David
Jeruzalmi, Jennifer Turner, Mike O’Donnell and John Kuriyan
(2000). J. Mol. Biol. 296,1215–1223.
The protein encoded by gene 45 of T4 bacteriophage (gene 45
protein or gp45), is responsible for tethering the catalytic
subunit of T4 DNA polymerase to DNA during high-speed
replication. The protein forms a trimeric ring-shaped assembly
with overall dimensions that are similar to those of the bacterial
and eukaryotic processivity factors, despite a lack of sequence
similarity. Each monomer of gp45 contains two domains that
are very similar in chain fold to those of the β clamp and
PCNA. Despite an overall negative charge, the inner surface of
the ring is in a region of positive electrostatic potential,
consistent with a mechanism in which DNA is threaded
through the ring. 10 March 200, Journal of Molecular Biology
 Crystal structure of a NifS-like protein from
Thermotoga maritima: implications for iron sulphur
cluster assembly. Jens T Kaiser, Tim Clausen, Gleb P
Bourenkow, Hans-D Bartunik, Stefan Steinbacher and
Robert Huber (2000). J. Mol. Biol. 297, 451–464.
NifS-like proteins are ubiquitous, homodimeric, proteins that
donate elementary sulphur, generated from cysteine, via a
cysteinepersulphide intermediate during iron–sulphur cluster
biosynthesis. NifS is structured into two domains, the larger
bearing the pyridoxal-5′-phosphate-binding active site, the
smaller hosting the active-site cysteine in the middle of a
highly flexible loop, 12 amino acid residues in length. A
mechanism of sulphur activation is proposed in which His99,
which stacks on top of the pyridoxal-5′-phosphate cofactor, is
assigned a crucial role during the catalytic cycle by acting as an
acid-base catalyst and is believed to have a pKa value
depending on the cofactor redox state. 
23 March 2000, Journal of Molecular Biology
 Two-state expansion and collapse of a polypeptide. SJ
Hagen and WA Eaton (2000). J. Mol. Biol. 297, 781–789.
The initial phase of folding for many proteins is presumed to
be the collapse of the polypeptide chain from expanded to
compact, but still denatured, conformations. Theory and
simulations suggest that this collapse may be a two-state
transition, characterized by barrier-crossing kinetics, whereas
the collapse of homopolymers and random heteropolymers is
continuous and multiphasic. A new rapid-mixing flow
technique has been used to resolve the late stages of
polypeptide collapse, at timescales ≥45 µs. The authors used a
laser temperature-jump with fluorescence spectroscopy to
resolve the complete time-course of the collapse of denatured
cytochrome c with nanosecond time resolution. The process is
found to be exponential in time and thermally activated, with
an apparent activation energy ~9 kBT (after correction for
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solvent viscosity). These results indicate that polypeptide
collapse is kinetically a two-state transition. Because of the
observed free-energy barrier, the timescale of polypeptide
collapse is dramatically slower than is predicted by Langevin
models for homopolymer collapse.
31 March 2000, Journal of Molecular Biology
 Fast folding of Escherichia coli cyclophilin A: a
hypothesis of a unique hydrophobic core with a
phenylalanine cluster. T Ikura T Hayano, N Takahashi, K
and Kuwajima (2000). J. Mol. Biol. 297, 791–800.
Escherichia coli cyclophilin A, a 164-residue globular protein,
shows fast and slow phases of refolding kinetics from the urea-
induced unfolded state at pH 7.0. Given that the slow phases
are independent of the denaturant concentration and may be
rate-limited by cis/trans isomerizations of prolyl peptide bonds,
the fast phase represents the true folding reaction. The
extrapolation of the fast-phase rate constant to 0 M urea
indicates that the folding reaction of cyclophilin A is
extraordinarily fast and has about 700 s–1 of the rate constant.
Interrupted refolding experiments showed that the protein
molecules formed in the fast phase had already been fully
folded to the native state. This finding overthrows the
accepted view that the fast folding is observed only in small
proteins of fewer than 100 amino acid residues. Examination of
the X-ray structure of cyclophilin A has shown that this protein
has only one unique hydrophobic core (phenylalanine cluster)
formed by evolutionarily conserved phenylalanine residues,
and suggests that this architecture of the molecule may be
responsible for the fast folding behavior.
31 March 2000, Journal of Molecular Biology
 Structure of the dimerization and β-catenin-binding
region of α-catenin. Sabine Pokutta and William I Weis
(2000). Mol. Cell 5, 533–543.
In adherens junctions, α-catenin links the cadherin–β-catenin
complex to the actin-based cytoskeleton. α-Catenin is a
homodimer in solution, but forms a 1:1 heterodimer with 
β-catenin. The crystal structure of the α-catenin dimerization
domain, residues 82–279, shows that α-catenin dimerizes
through formation of a four-helix bundle in which two
antiparallel helices are contributed by each protomer. A
slightly larger fragment, comprising residues 57–264, binds to
β-catenin. A chimera consisting of the α-catenin-binding
region of β-catenin linked to the N terminus of α-catenin
57–264 behaves as a monomer in solution, as expected,
because β-catenin binding disrupts the α-catenin dimer. The
crystal structure of this chimera reveals the interaction
between α- and β-catenin, and provides a basis for
understanding adherens junction assembly.
March 2000, Molecular Cell
 Asymmetry in the PPARγ/RXRα crystal structure
reveals the molecular basis of heterodimerization
among nuclear receptors. Robert T Gampe Jr, Valerie G
Montana, Millard H Lambert, Aaron B Miller, Randy K
Bledsoe, Michael V Milburn, Steven A Kliewer, Timothy M
Willson and H Eric Xu (2000). Mol. Cell 5, 545–555.
The nuclear receptor PPARγ/RXRα heterodimer regulates
glucose and lipid homeostasis and is the target for the
antidiabetic drugs GI262570 and the thiazolidinediones
(TZDs). The authors report the crystal structures of the
PPARγ and RXRα ligand-binding domains (LBDs) complexed
to the RXR ligand 9-cis-retinoic acid (9cRA), the PPARγ
agonist rosiglitazone or GI262570, and coactivator peptides.
The PPARγ/RXRα heterodimer is asymmetric, with each LBD
deviated ~10° from the C2 symmetry, allowing the PPARγ
AF-2 helix to interact with helices 7 and 10 of RXRα. The
heterodimer interface is composed of conserved motifs in
PPARγ and RXRα that form a coiled coil along helix 10 with
additional charge interactions from helices 7 and 9.
March 2000, Molecular Cell
 Structure of small virus-like particles assembled from
the L1 protein of human papillomavirus 16. Xiaojiang S
Chen, Robert L Garcea, Ilya Goldberg, Gregory Casini 
and Stephen C Harrison
(2000). Mol. Cell 5, 557–567.
The papillomavirus major late protein, L1, forms the pentameric
assembly unit of the viral shell. Recombinant HPV16 L1
pentamers assemble in vitro into capsid-like structures, and
truncation of ten N-terminal residues leads to a homogeneous
preparation of 12-pentamer, icosahedral particles.
Crystallographic analysis of these particles shows that L1 closely
resembles VP1 from polyomaviruses. Surface loops contain the
sites of sequence variation among human papillomavirus (HPV)
types and the locations of dominant neutralizing epitopes. The
ease with which small virus-like particles may be obtained from
L1 expressed in E. coli makes them attractive candidate
components of a papillomavirus vaccine. Their crystal structure
also provides a starting point for future vaccine design.
March 2000, Molecular Cell
 Autoinhibition and activation mechanisms of the
Wiskott–Aldrich syndrome protein. Annette S Kim,
Lazaros T Kakalis, Norzehan Abdul-Manan, Grace A Liu
and Michael K Rosen (2000). Nature 404, 151–158.
The Rho family GTPase, Cdc42, can regulate the actin
cytoskeleton through activation of Wiskott–Aldrich syndrome
protein (WASP) family members. Activation relieves an
autoinhibitory contact between the GTPase-binding domain
and the C-terminal region of WASP proteins. Binding of Cdc42
to the GTPase-binding domain causes a dramatic
conformational change, resulting in disruption of the
hydrophobic core and release of the C terminus, enabling its
interaction with the actin regulatory machinery. 
9 March 2000, Nature
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 Three-dimensional structure of the neuronal-Sec1-
syntaxin 1a complex. Kira M Misura, Richard H Scheller
and William I Weis (2000). Nature 404, 355–362.
Syntaxin 1a and neuronal Sec1 (nSec1) form a heterodimer that
is required for vesicle trafficking and membrane fusion. The
crystal structure of the nSec1–syntaxin 1a complex reveals that
major conformational rearrangements occur in syntaxin relative
to both the core SNARE complex and isolated syntaxin, which
may be coupled to the action of upstream effector proteins.
23 March 2000, Nature
 Structural basis for the anticoagulant activity of the
thrombin–thrombomodulin complex. Fuentes-Prior P,
Iwanaga Y, Huber R, Pagila R, Rumennik G, Seto M,
Morser J, Light DR and Bode W (2000). 
Nature 404, 518–525.
The serine proteinase α-thrombin causes blood clotting
through proteolytic cleavage of fibrinogen by activating the
essential clotting factors V and VIII. Thrombomodulin, a
transmembrane thrombin receptor, alters the substrate
specificity of thrombin from pro- to anticoagulant by activating
protein C. The crystal structure of human α-thrombin bound
to a thrombomodulin fragment of protein C cofactor that
maintains activity, shows that the Y-shaped fragment binds to
thrombin’s anion-binding exosite-I, preventing binding of
procoagulant substrates. Docking of a protein C model to the
complex suggests that the zymogen-activation cleavage site is
presented optimally to the unaltered thrombin active site.
30 March 2000, Nature
 Crystal structure of the protein disulfide bond
isomerase, DsbC, from Escherichia coli. Andrew A
McCarthy, Peter W Haebel, Anneli Törrönen, Vladimir
Rybin, Edward N Baker and Peter Metcalf (2000). 
Nat. Struct. Biol. 7, 196–199.
DsbC is one of five Escherichia coli proteins required for
disulfide bond formation and is thought to function as a
disulfide bond isomerase during oxidative protein folding in
the periplasm. DsbC is a 2 × 23 kDa homodimer and has both
protein disulfide isomerase and chaperone activity. The
authors report the crystal structure of oxidized DsbC where
both Cys-X-X-Cys active sites form disulfide bonds. The
molecule consists of separate thioredoxin-like domains joined
via hinged linker helices to an N-terminal dimerization
domain. The hinges allow relative movement of the active
sites, and a broad uncharged cleft between them may be
involved in peptide binding and DsbC foldase activities.
March 2000, Nature Structural Biology
 A novel NMR method for determining the interfaces of
large protein–protein complexes. Hideo Takahashi,
Tamiji Nakanishi, Keiichiro Kami, Yoji Arata and Ichio
Shimada. (2000). Nat. Struct. Biol. 7, 220–223.
Identification of the interfaces of large (Mr >50,000)
protein–protein complexes in solution by high-resolution
NMR has typically been achieved using experiments
involving chemical shift perturbation and/or hydrogen-
deuterium exchange of the mainchain amide groups of the
proteins. Interfaces identified using these techniques,
however, are not always identical to those revealed using
crystallography. In order to identify the contact residues in a
large protein–protein complex more accurately, the authors
developed a novel NMR method that uses cross-saturation
phenomena in combination with TROSY detection in an
optimally deuterium-labeled system.
March 2000, Nature Structural Biology
 Kinetics, thermodynamics and evolution of non-native
interactions in a protein folding nucleus. L Li, LA Mirny
and EI Shakhnovich (2000). Nat. Struct. Biol. 7, 336–342.
A lattice model with sidechains was used to investigate protein
folding with computer simulations. In this model, the authors
rigorously demonstrate the existence of a specific folding
nucleus. This nucleus contains specific interactions not
present in the native state that, when weakened, slow folding
but do not change protein stability. Such a decoupling of
folding kinetics from thermodynamics has been observed
experimentally for real proteins. The authors conclude that
specific non-native interactions in the transition state would
give rise to Φ-values that are negative or larger than unity.
Furthermore, Ile34 in src SH3, which has been shown to be
kinetically but not thermodynamically important, is universally
conserved in proteins with the SH3 fold. This is a clear
example of evolution optimizing the folding rate of a protein
independent of its stability and function.
April 2000, Nature Structural Biology
 Structure of the Mad2 spindle assembly checkpoint
protein and its interaction with Cdc20. Xuelian Luo,
Guowei Fang, Melissa Coldiron, Yingxi Lin, Hongtao Yu
(2000). Nat. Struct. Biol. 7, 224–229.
The checkpoint protein Mad2 inhibits the activity of the
anaphase-promoting complex by sequestering Cdc20 until all
chromosomes are aligned at the metaphase plate. The authors
report the solution structure of human Mad2 and its interaction
with Cdc20. Mad2 possesses a novel three-layered α/β fold with
three α helices packed between two β sheets. Mad2 and Cdc20
form a tight 1:1 heterodimeric complex in which the C-terminal
segment of Mad2 becomes folded. Mutagenesis and NMR
titration experiments show that a C-terminal flexible region of
Mad2 is required for binding to Cdc20. The minimal Mad2-
binding region of human Cdc20 was identified as a 40-residue
segment immediately N-terminal to the WD40 repeats.
March 2000, Nature Structural Biology
 Novel fold and capsid-binding properties of the λ-phage
display platform protein gpD. Fan Yang, Patrik Forrer,
Zbigniew Dauter, James F Conway, Naiqian Cheng, Mario E
Cerritelli, Alasdair C Steven, Andreas Plückthun and
Alexander Wlodawer. (2000). Nat. Struct. Biol. 7, 230–237.
The crystal structure of gpD, the capsid-stabilizing protein of
bacteriophage λ, was solved at 1.1 Å resolution. GpD has a
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novel fold with an unusually low content of regular secondary
structure. Noncrystallographic trimers with substantial
intersubunit interfaces were observed. The C termini are well
ordered and located on one side of the trimer, relatively far
from its threefold axis. The N termini are disordered up to
Ser15, which is close to the threefold axis and on the same side
as the C termini. A density map of the icosahedral viral capsid
at 15 Å resolution, obtained by cryo-electron microscopy and
image reconstruction, reveals gpD trimers, seemingly
indistinguishable from the ones seen in the crystals, at all
threefold sites. The map further reveals that the side of the
trimer that binds to the capsid is the side on which both
termini reside.
March 2000, Nature Sturctural Biology
 Crystal structures of homoserine dehydrogenase
suggest a novel catalytic mechanism for
oxidoreductases. DeLaBarre B, Thompson PR, 
Wright GD and Berghuis AM (2000). 
Nat. Struct. Biol. 7, 238–244.
The structure of the antifungal drug target homoserine
dehydrogenase (HSD) was determined from Saccharomyces
cerevisiae in apo and holo forms, and as a ternary complex with
bound products. The three forms show that the enzyme is a
dimer, with each monomer composed of three regions: the
nucleotide-binding region, the dimerization region and the
catalytic region. The dimerization and catalytic regions have
novel folds, whereas the fold of the nucleotide-binding region
is a variation on the Rossmann fold. The novel folds impose a
novel composition and arrangement of active-site residues
when compared to all other currently known oxidoreductases,
suggesting that HSD exhibits a new variation on
dehydrogenase chemistry.
March 2000, Nature Structural Biology
 Coupling between protein folding and allostery in the
GroE chaperonin system. Yifrach O and Horovitz A
(2000). Proc. Natl Acad. Sci. USA 97, 1521–1524.
GroEL is an allosteric protein that facilitates protein folding in
an ATP-dependent manner. The relationship between
cooperative ATP binding by GroEL and the kinetics of GroE-
assisted folding of two substrates with different GroES
dependence, mouse dihydrofolate reductase (mDHFR) and
mitochondrial malate dehydrogenase, is examined using
cooperativity mutants of GroEL. Strong intra-ring positive
cooperativity in ATP binding by GroEL decreases the rate of
GroEL-assisted mDHFR folding owing to a slow rate of the
ATP-induced transition from the protein-acceptor state to the
protein-release state. Inter-ring negative cooperativity in ATP
binding by GroEL is found to affect the kinetic partitioning of
mDHFR, but not of mitochondrial malate dehydrogenase,
between folding in solution and folding in the cavity
underneath GroES. The results show that protein folding by
this ‘two-stroke motor’ is coupled to cooperative ATP binding.
15 February 2000, Proceedings of the National Academy of
Science  
 Transition-state structure as a unifying basis in protein-
folding mechanisms: contact order, chain topology,
stability, and the extended nucleus mechanism. Fersht
AR (2000). Proc. Natl Acad. Sci. USA 97, 1525–1529.
The author attempts to reconcile apparently conflicting factors
and mechanisms that have been proposed to determine the
rate constant for two-state folding of small proteins, on the
basis of general features of the structures of transition states.
Φ-Value analysis implies a transition state for folding that
resembles an expanded and distorted native structure, which is
built around an extended nucleus. The nucleus is composed
predominantly of elements of partly or well-formed native
secondary structure that are stabilized by local and long-range
tertiary interactions. The author derives an equation that
relates differences in the contact order of a protein to changes
in the length of linking loops, which, in turn, is directly related
to the unfavorable free energy of the loops in the transition
state. Kinetic data on loop extension mutants of CI2 and 
α-spectrin SH3 domain fit the equation qualitatively. The rate
of folding depends primarily on the interactions that directly
stabilize the nucleus, and those resulting from the entropy loss
from the connecting loops. This partitioning of energy
accounts for the success of some algorithms that predict folding
rates. The extended nucleus model thus unifies the
observations of rate depending on both stability and topology.
15 February 2000 Proceedings of the National Academy of
Science 
 Crystal structure of the functional domain of the
splicing factor Prp18. Jiang J, Horowitz DS, Xu R-M
(2000). Proc. Natl Acad. Sci. 97, 3022-3027.
The splicing factor Prp18 is required for the second step of pre-
mRNA splicing. The authors have determined the crystal
structure of a large fragment of the Saccharomyces cerevisiae Prp18
that lacks the N-terminal 79 amino acids, Prp18δ79, which is
fully active in yeast splicing in vitro and includes the sequences
of Prp18 that have been evolutionarily conserved. The core
structure of Prp18δ79 is compact and globular, consisting of five
α helices that adopt a novel fold, the five-helix X-bundle. The
structure suggests that one face of Prp18 interacts with the
splicing factor Slu7, whereas the more evolutionarily conserved
amino acids in Prp18 form the opposite face.
28 March 2000, Proceedings of the National Academy of
Science
 Crystal structures of ligand complexes of P450eryF
exhibiting homotropic cooperativity. Cupp-Vickery J,
Anderson R and Hatziris Z (2000). Proc. Natl Acad. Sci.
97, 3050–3055.
Several mammalian cytochrome P450 isoforms demonstrate
homotropic cooperativity with a number of substrates,
including steroids and polycyclic aromatic hydrocarbons. The
authors have determined the structures of the macrolide
hydroxylase P450eryF from Saccharopolyspora erythraea in
complex with androstenedione and 9-aminophenanthrene. For
both complexes two ligand molecules are simultaneously
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present in the active site; the two androstenedione molecules
have similar conformations. The results establish that
homotropic cooperativity in ligand binding can result from
binding of two substrate molecules within the active-site
pocket without major conformational changes in the protein.
28 March 2000, Proceedings of the National Academy of
Science
 Accurate protein crystallography at ultra-high
resolution: valence electron distribution in crambin.
Jelsch C, Teeter MM, Lamzin V, Pichon-Pesme V, Blessing
RH and Lecomte C (2000). Proc. Natl Acad. Sci. 97,
3171–3176.
The charge density distribution of a protein has been refined
experimentally. Diffraction data for a crambin crystal were
measured to ultra-high resolution (0.54 Å) at low temperature
by using short-wavelength synchrotron radiation. The crystal
structure was refined with a model for charged, nonspherical,
multipolar atoms to accurately describe the molecular electron-
density distribution. The refined parameters agree within 25%
with the transferable electron-density library derived from
accurate single crystal diffraction analyses of several amino
acids and small peptides. This study provides validation for
experimentally derived parameters and a window into charge
density analysis of biological macromolecules.
28 March 2000, Proceedings of the National Academy of
Science
 The catalytic pathway of cytochrome P450cam at
atomic resolution. Ilme Schlichting, Joel Berendzen, Kelvin
Chu, Ann M Stock, Shelley A Maves, David E Benson,
Robert M Sweet, Dagmar Ringe, Gregory A Petsko and
Stephen G Sligar (2000). Science 287, 1615–1622.
Members of the cytochrome P450 superfamily catalyze the
addition of molecular oxygen to nonactivated hydrocarbons at
physiological temperature — a reaction that requires high
temperature to proceed in the absence of a catalyst. Structures
were obtained for three intermediates in the hydroxylation
reaction of camphor by P450cam with trapping techniques and
cryocrystallography. The structures show conformational
changes in several important residues and reveal a network of
bound water molecules that may provide the protons needed
for the reaction.
3 March 2000, Science
 Structure of the zinc-binding domain of Bacillus
stearothermophilus DNA primase. Hu Pan and Dale B
Wigley (2000). Structure 8, 231–239.
DNA primases comprise three functional domains: a zinc-
binding domain that is responsible for template recognition, a
polymerase domain, and a domain that interacts with the
replicative helicase, DnaB. The crystal structure of the zinc-
binding domain of DNA primase from Bacillus
stearothermophilus confirms that the protein belongs to the zinc
ribbon subfamily. Structural comparison with other nucleic
acid binding proteins suggests that the β sheet of primase is
likely to be the DNA-binding surface.
15 March 2000, Structure
 Crystal structure of Rab geranylgeranyltransferase at
2.0 Å resolution. Hong Zhang, Miguel C Seabra and
Johann Deisenhofer (2000). Structure 8, 241–251.
Rab geranylgeranyltransferase (RabGGT) catalyzes the
addition of two geranylgeranyl groups to the C-terminal
cysteine residues of Rab proteins, which is required for
membrane association and function of these proteins in
intracellular vesicular trafficking. The crystal structure of rat
RabGGT reveals an assembly of four distinct structural
modules. The β subunit forms an α–α barrel that contains
most of the residues in the active site. The α subunit consists
of a helical domain, an immunoglobulin-like domain, and a
leucine-rich repeat domain. The N-terminal region of the α
subunit binds to the active site in the β subunits via a zinc ion
suggesting an autoinhibitory mechanism.
15 March 2000, Structure
 The ‘fingerprint’ that X-rays can leave on structures
Raimond BG Ravelli and Sean M McSweeney (2000).
Structure 8, 315–328.
The consequences of radiation damage were investigated for
three dissimilar proteins. Similar results were obtained in each
case: atomic B factors increase, unit-cell volumes increase,
protein molecules undergo slight rotations and translations,
disulphide bonds break and decarboxylation of acidic residues
occurs. All of these effects introduce non-isomorphism. The
absorbed dose in these experiments can be reached during
routine data collection at undulator beamlines of third
generation synchrotron sources. 
15 March 2000, Structure
 Crystallographic analysis of the specific yet versatile
recognition of distinct nuclear localization signals by
karyopherin α. Elena Conti and John Kuriyan (2000).
Structure 8, 329–338.
Karyopherin α (importin α) is an adaptor molecule that
recognizes proteins containing nuclear localization signals
(NLSs). The crystal structures of two peptide complexes of
yeast karyopherin α (Kapα), one with a human c-myc NLS
peptide and one with a Xenopus nucleoplasmin NLS peptide,
reveal the determinants of specificity for the binding of a
relatively hydrophobic monopartite NLS and of a bipartite
NLS peptide. The peptides bind Kapα in its extended surface
groove, which presents a modular array of tandem binding
pockets for amino acid residues. 
15 March 2000, Structure 
